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Abstract 
Korea Institute of Energy Research (KIER) and Korea Electric Power Research Institute (KEPRI) have been developing a CO2
capture technology using dry sorbents. The CO2 removal in dry sorbent CO2 capture system consists of two reactors for 
carbonation and regeneration. We used dry sorbent manufactured by spray-drying method contains potassium carbonate, which 
was supplied by KEPRI in order to investigate the sorbent performance in continuous operation mode with solid circulation 
between a fast fluidized bed type carbonation reactor (13.5 m tall pipe of 0.075 m i.d.) and a bubbling fluidized bed type 
regeneration reactor (2 m tall bed of 0.25 m i.d.). We used the real flue gas from 2MW coal-fired circulating fluidized bed 
combustor to check possibility of deactivation of dry sorbent by contaminants such as SOx and NOx in the real flue gas for the 
100 Nm3/hr of flue gas treatment facility. The residence time of the dry sorbents was about 3 seconds and 15 minutes in the 
carbonation reactor and the regeneration reactor, respectively. The CO2 removal during 2 hrs in the whole experiments and the 
average CO2 removal was above 70%. From the experiment, it was revealed that the removal of heat of sorption in the 
carbonation reactor was important to increase CO2 removal. During the experiments continuous and smooth operation were 
accomplished with solid circulation between two reactors. These results indicate that CO2 capture process using potassium 
carbonate solid sorbent is applicable for CO2 capture in the coal-fired flue gas. 
© 2008 Elsevier Ltd. All rights reserved 
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1. Introduction 
It is inevitable to reduce greenhouse gas emissions that promote climate changes. CO2 is one of the main 
greenhouse gas materials making the largest contribution from human activities. The concentration of CO2 in the 
earth’s atmosphere has been increased by mainly combusting fossil fuels to generate electricity in power plants. 
Several methods such as energy consumption reduction by increasing the efficiency of energy conversion, switch of 
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less carbon intense fuels, and renewable energies have been suggested to reduce net CO2 emissions into the 
atmosphere. These options, however, may not be enough to mitigate global warming in the future, so the technology 
of CO2 capture and storage (CCS) has been recently considered as an imminent and important option for mitigating 
global warming [7]. 
Several methods have been developed for CO2 capture such as wet absorption, adsorption, membrane separation, 
and cryogenic separation. These methods have been, however, faced on the limitations of cost and energy required 
to treat the massive flue gas streams from fossil fuel-fired power plants. Recently, CO2 capture using dry 
regenerable solid sorbents has been studied as an innovative concept for CO2 recovery [1, 3-6, 8-16]. Using dry 
regenerable solid sorbents, CO2 is efficiently removed from the flue gas stream by reacting with solid sorbents while 
regeneration produces an off-gas containing only CO2 and H2O. The condensation of an off-gas from regeneration 
generates highly pure CO2, which is suitable for chemical feed stock or sequestration. Since solid sorbents are made 
of cheap alkali metals and heat of regeneration of the solid sorbent is low, CO2 capture with a solid sorbent is cost-
effective and energy-efficient. 
The present work attempts to investigate the performance of the potassium-based dry sorbent CO2 capture 
process in the continuous solid circulation mode between a fast fluidized carbonator and a bubbling fluidized 
regenerator. The spray-dried solid sorbent, SorbA, were used to examine the CO2 capture characteristics in a real 
coal-fired flue gas condition. The results from this work are very promising to develop the dry regenerable sorbent 
CO2 capture process to efficiently remove CO2 from the flue gas. 
2. Experiments 
Fig. 1 shows a schematic representation of the CO2 capture process using dry regenerable sorbents. The process 
consists of a fast fluidized bed carbonator (10.8 m tall pipe of 0.075 m i.d.), a bubbling fluidized bed regenerator (2 
m tall bed of 0.25 m i.d.), a mixing zone in the lower part of the fast fluidized bed carbonator (2.7 m tall pipe of 0.1 
m i.d.), two cyclones, loopseal, and a standpipe. The process is located at 2 MW coal-fired circulating fluidized bed 
combustor in Korea Institute of Energy Research (KIER) and the capacity is up to 100 Nm3/hr of gas treatment. 
(a)       (b) 
Fig. 1 (a) Experimental apparatus; (b) Schematic representation of the dry sorbent CO2 capture process: M
carbonation reactor; N regeneration reactor; O cyclone; P cleaned flue gas; Q CO2+H2O gas. 
Regeneration 
gas 
Flue gas
N2 N2
DP1 : bottom
DP2 : middle 1
DP3 : middle 2
DP4 : middle 3
DP5 : top
T1
T2
T3
T4
T5
1 2
3
3
4
5
1236 Y.C. Park et al. / Energy Procedia 1 (2009) 1235–1239
 Y. C. Park et al. / Energy Procedia 00 (2008) 000–000 3
For the fluidized-bed CO2 capture process, the sorbent should have high chemical reactivity and high attrition 
resistance. Also, it should be regenerable during multicycle use or continuous solid circulating mode between 
carbonation and regeneration. A potassium-based SorbA sorbent which was provided by the Korea Electric Power 
Research Institute (KEPRI) was used to measure chemical reactivities in this work. It consists of 35% K2CO3 as an 
active component and 65% support for mechanical strength and pore structure. SorbA has a 0.31 cm3/g of pore 
volume, 215 Å of pore diameter, 0.92 g/cm3 of bulk density, 0.86 g/cm3 of skeletal density, 0.21% of porosity, and 
38.48 m2/g of BET surface area. The attrition index (AI) is 0.1% at 10 stdl/min, as defined by the American 
Standard Testing Material (ASTM) D5757-95 procedure, which corresponds to the 5 h loss. The AI of SorbA is less 
than 0.1% which is much smaller than that of commercial Fluid Catalytic Cracking (FCC) catalyst (AI # 20%) at the 
same conditions. 
We tested SorbA using real coal-fired flue gas using 100 Nm3/hr of gas treatment facility. The reaction 
temperature in the carbonator was maintained in the range of 70~90oC. The temperature in the regenerator was 
maintained above 150oC. The gas velocity in the carbonator and the regenerator was maintained at 3.0 m/s and 0.03 
m/s, respectively. The residence time of the dry sorbents was about 3 seconds and 15 minutes in the carbonation 
reactor and the regeneration reactor, respectively. The solid circulation rate between the carbonator and the 
regenerator varied from 20 to 35 kg/m2s by controlling the solid valve. The initial inventory of sorbent was 120 kg. 
The concentration of CO2 in feed stream was 13% in dry basis. The H2O needed for carbonation was fed by passing 
the flue gas through a temperature-controlled gas bubbler, and the feed line was heated to avoid H2O condensation. 
The bubbler product was assumed to be saturated with H2O, which was confirmed by measuring the relative 
humidity. 
3. Results and Discussion 
The reaction using potassium-based solid sorbents for the CO2 capture is as follows: 
K2CO3(s) + CO2(g) + H2O(g)   2KHCO3(s)    (1) 
where subscripts represents the solid (s) and the gas (g). The reaction is reversible and the forward reaction is highly 
exothermic, so heat control will be an important factor in the real commercial process. Thus, a fluidized-bed reactor 
can be a good solution for this process [2]. 
In order to test SorbA performance, we used a simulated flue gas of which CO2 concentration is 13% in dry basis 
using 2 Nm3/hr of gas treatment facility which has exactly the same configuration as 100 Nm3/hr of gas treatment 
facility. Fig. 2 shows the 50 hr continuous operation results. During 50 hrs, the CO2 removal was maintained above 
80% and the average CO2 removal was about 85%. Based on several operating variables, more than 90% of CO2
removal was capable using SorbA. 
Fig. 2 Results of SorbA performance using simulated flue gas in 2 Nm3/hr of gas treatment facility. 
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For the same sorbent, SorbA, we had long-term operation using real coal-fired flue gas in 100 Nm3/hr of gas 
treatment facility. Fig. 3 shows that CO2 removal during 2 hrs in the whole experiments and the average CO2
removal was above 70%. Compared with the results of 2 Nm3/hr of gas treatment facility, the CO2 removal in 100 
Nm3/hr of gas treatment facility was a little bit low. In Fig. 4, the temperature profiles and differentiable pressure 
profiles in the carbonation reactor are shown. In fact, the lower the carbonation temperature, the higher the reactivity 
of the SorbA. In Fig. 4 (a), the temperature of the lower mixing zone in the carbonator was maintained around 
100oC, so the CO2 removal was maintained around 70%, which was lower than that of 2 Nm3/hr of gas treatment 
facility. However, the differentiable pressure in the carbonator was maintained stably, which indicates that the solid 
was stably circulated between two reactors. 
Fig. 3 CO2 removal during 2 hrs in 100 Nm3/h of gas treatment facility using coal-fired flue gas 
         (a)            (b) 
Fig. 4 Temperature (a) and differentiable pressure (b) profiles in the carbonation reactor 
From the results, the removal of heat of sorption in the carbonation reactor was important to improve CO2
removal efficiency. We have modified heat exchanger configuration in the carbonation reactor to reduce reactor 
temperature under 80oC. Previously the carbonation reactor was just double-pipe, so we inserted additional in-bed 
type heat transfer unit in the lower mixing zone in the carbonation reactor. Further experiments will be performed 
using the same sorbent, SorbA in 100 Nm3/hr of gas treatment facility to investigate the effect of carbonation reactor 
temperature on CO2 removal. 
4. Conclusions
The performance of the dry sorbent CO2 capture process with 100 Nm3/hr of gas treatment facility was 
investigated using real coal-fired flue gas, slip-stream of 2 MW CFBC power plant. The CO2 capture processes were 
operated in a very stable manner in a continuous solid circulating mode. The average CO2 removal was above 70% 
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during 2 hrs, but the reactor temperature of the lower mixing zone in the carbonation reactor was maintained around 
100oC. In fact, the lower the carbonation temperature, the higher the reactivity of the SorbA. Thus, additional in-bed 
type heat transfer unit has been installed in the carbonation reactor to reduce reactor temperature under 80oC.  To 
check the SorbA performance, we also used 2 Nm3/hr of gas treatment facility using simulated flue gas stream and 
average CO2 removal during 50 hr continuous operation was above 85%. Also, it was revealed that more than 90% 
of CO2 removal was capable using SorbA. 
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